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ABSTRACT 

Nuclear receptors share a highly conserved region located at the 
very caiboxy-um in a I pA n of the ligand-binding domain. Site-directed 
mutagenesis of conserved hydrophobic residues in thia region was 
reported to creste mouse and human glucocorticoid receptor* (GRs) 
and estrogen receptor* that cannot tranaactivace but apparently main- 
tain ail the other functions. We constructed anaJogous mutations in 
the rat GR to compare the mechanism of deficiency to our recently 
generated trans-dominant-negative mutant. We. found that in the rat 
GR these carboxy- terminal mutations do not generate trans-dominant- 
negative receptors. We show chat these GR mutants- fail to bind 
dexamethasone properly, and hence receptor transformation and sub- 



sequent functions are abolished. Furthermore. *e report t^e : denu 
canon of a GR ouunt that is strongly responsive to the anUgon 
RL486 but is silent with the agonist dexamethasone. W« de-orstra 
that the. reverseJ of the responsiveness is restncted to GR ' sin 
analogous muutioni in related receptors do not generate sim.lar oh 
notypes. Contrary to the case of the progesterone receptor, we she 
that carboxyl-end truncated GR mutanu are not activated by RLUc 
We conclude that sequence conservation of this subdomain does n 
necessarily imply functional conservation. Chimeric constructs w'i 
GAU revealed the importance of prouin-protein interactions to exe 
ligand discrimination, which is mediated by the carboiy. terminal su 
domain. {Endocrinology 135: 21S3-2195. 199*) 



THE glucocorticoid receptor (GR) belongs to the nuclear 
receptor superfamily of ligand-dependent transcription 
factors. The GR and the progesterone receptor (P.R),-andro- 
gen receptor (AR), and rrurreralocorticoid receptor (MR) hor- 
mones represent a subclass of steroid receptors that bind to 
the same c:s-acting sequence to.regulate the responsive genes 
(i). These receptors are structurally and functionally related, 
and specific functions have been assigned.io distinct domains 
such as ligand or DNA binding, nuclear translocation, di- 
merization, and transactivation of transcription (for reviews 
see Refs. 2, 3, 1, 4, 5). Transcription-activating functions 
(TAFs) have been defined both in the N-terminal domain 
and within the ligand-binding domain (TAF-l and TAF-2 
respectively; 6-8). For the GR, additional transactivation 
functions have been described within the DNA-binding re- 
gion (enhl; 9) or in its proximity (;au-2; 10) (see fig. IB). 

The mechanism of receptor activation (transformation) is 
complex and not as yet fully understood. Although still 
controversial (11), the inactive CR is located predominantly 
in the cytoplasm (12) in a multiprotein complex including 
heat shock proteins. Ligand binding then induces a confor- 
mational change that activates nuclear specific receptor func- 
tions (for review see Ref,. 1). The classical view of CR 
transformation and functions includes binding of the hor- 
mone, dissociation of the heterocomplex, nuclear transloca- 
tion (if necessary), dimerization; specific binding to DNA, 
and modulation of transcription. 
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The effects of antihormones have revealed ligand bindir 
to-be the key event in steroid receptor activation. Anriho 
mones can be divided into two classes. Pure antagonis 
result in a total inhibition of transactivation. whereas oarti; 
antagonists possess residual agonistic activity (13). RU3848< 
also known as mifepristone (later referred to as RU4S6)", wa 
found to be an antihormone of glucocorticoids and proge'sdn 
and to bind with high affinity to CR, PR. and AR (reviewe 
in Ref. 14). RU486 has been shown to be a partial antagonis 
of GR (15, 7) that promotes DNA binding of the receptor i. 
vivo (16) and in vitro (17), whereas the same antihormone i 
a pure antagonist of PR (14). Hormones and antihormone 
might induce related, but distinct, conformational changes u 
the receptors. Using limited proteolytic digestion, it has beer 
shown that transcriptional inactivation of steroid receptor 
by antihormones involves the induction of an inappropriate 
srructural conformation at the extreme C-tertninal end (18) 
. An altered response to agonistic/antagonistic ligands ha: 
recently been described for a truncated PR mutant (19) 
supporting the importance of the conformation of the car 
boxyl-end of the hormone-binding domain (HBD). In thi. 
model deletion of a region that supposedly possesses , 
negative regulatory function leads to a receptor mutant tha 
can be activated by antagonists. Thus, in receptor transfor 
mation, tfgand binding appears to be crucial not only fo. 
dissociation of the heterocomplex but also for modulation 0: 
the activity of the Ugand-dependent transactivation domair 
located in the HBD. 

The presence of more than one activation function make: 
it difficult to construct GR mutants that are unable to activate 
transcription while retaining all the other steroid receptor 
functions. In spite of that, we recently constructed a trans- 
dominant-negative (TON) GR by altering the reading frame 
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°S ?usr" bri -d) liis mutant was called CR(A,|. s.nce 
the c"c repeat .s translated into a poly Ala stretch instead 
i~Z ri n Nee Fie ID). While that work was in progress. 

sh J nScnvanon but apparently maintain all the other 
uncrio« of the receptor (21). similar to our GR Ala| mu ant. 
The authors did not directly address the possibility that theu- 
mutants act .n a dorrunant-negative fashion when coex- 
pressed with wild type CR (wtCR). To compare <h"d«n<"8 
Verted by these mutations wuh that of the V*r*b«t«*. 
■ we constructed the analogous mutations in the rat CR (KW. 
In this paper we show that these carboxytemuna mutants 
do not possess the expected dominant-negative functions. 
Furthermore, we report that additional mutanons in the 
extreme carboxyl-end generate a CR that is strongly respon- 
se to the antago~S« RU486 but is silent with the agonist 
dexamethasone. Our data with chimeric transcription factors 
suggest furthermore that this response is not an intrinsic 
• property of the mutarions -in the HBD alone but may require 
The presence of other CR domains or the acoon of a specific 
cofactor. We show that analogous mutaoons in the highly 
conserved CR/PR/AR/MR subclass do not result in parallel 
effects Finally." our results provide evidence that the con- 
served region in the carboxy terminal part is important tor 
Ugand interpretation and may also have a role in protein- 
p7otein interaction. Hence, we propose to term trus carboxy 
Terminal subdomain Ugand interpretation and transcription 
activation function (LITAF). 

Materials and Methods 



Ptasrhids ' j 

The reponer constructs were based on the pUsmid oligonudebede 
vector (OVTEC-t) (22). containing the ribbit d-globin reporter ".gnent 
-P21 to +3325 cloned into pUCl8. Mammary tumor virus (MTVJ- 
OVtC w„ the reporter gene plasmid for hormone ^^^"J"" 
activating receptor? (23) and "main edthe mouse MTV (Mj<™ P£ 
moter/enhancer (-522 to +72). 5C-OVEC. bearing five C A"-b.n<£5 
sites in the enhancer position. was used as a reponer for the CAL-C-R 

• fU, Se* expression plasmids were aU based on the eukaryodc vector 
oSTC (25) CR and deriv.oves: wrCR full-length rCR complementary 
O^Ja (eDNA) (26): CR 407-79$ (xwt) and GRlAl.J were published 
eSwheS (20 and reference, therein). Carboxyteminal A 
i«h CS2 and carboxy-terminal deletion (CD) mutants were generated 
by lb^«nd diujonucleotid. insertion, in *°"-»>^«"« 
wrCR. For carboxyl-end truncation (CD (i2S ♦ 0). the blun .ended 
EcofQ site from w:C* wa, Uga.ed to a P*«K ,i«. '««/ h «^po.yUnk«r 
in pSCTCaU5S6 (25) containing stop codons in all - 
crSj V U) and CTU53 + 2) truncations were generated similarly by 
v IT S.r.2 Vifl site and li.aoon to Hindi and Psull. respectively. 
SEssSS S. «2-^ S «— ot -he 3--H/ ndill , frasmen. j 
wnCR. w,PR was generated by m.errion of . *»e 8«« HI '»gm«n« o 
ohPR.« ti ail of M I Tsai. Baylor. Houston. TX) into the pSTC vector 
?25) nd fof JZ£L Hull-In fragment of pSVARO rJ7|«,«»i . 
TV. pS cki/CD and ARCS1/CO mutations were generated by oUgo- 

«( wt a R r«o«tivelv providing *n *ddioon*l EcoRI rwmcaon *«e 
n.To^u, '» STpJW in me'rCR cDNA (see below). Both PR-CT 
5 «.«.rt«4 bv blunt ending tn« OralH rwmcoon site 



of the polylinker described above In AR.CTUI2-4) Xholl ::,„.»,, 
was used to reconsorute the plasmid <*»«»» the 3 -3amHl t.te. 5 <quen< e » 
«• * P| iC-and were verified by dideoxy chauvter^ar.on 

sequencing and m v<"° nan*' 100 " - 
>«,u*ncu»g f „ t p, 0 r' constructs containing extraneous C-terainal 

.aU^e^en.rs.ed usu^g -.he natural (CR) or engineered (PR and aK; 

I! rMmenon ..te. For PR CR(HBO) ctumerss. the re«p- 

,«e «bove) ecoR^wo .VipHI/Sp« sues located * the 

' 0n T.Vrr*n?^Vpa«. For the CR-AR(H90) construct,, .he AR 
' "nZ ^,«m««d «SThJ.II w» '««d to the ?»t ...e 3' .o the DNa- . 
oSing' doml Soft CR us.g a short «,cc./P„.) po.yUn.er „ g- 
~.«Tof oSP64 vielding an addioonal glycine residue. CAU-Act/ 
CR?HBO)consr™« Abased on pSCTEV ,24). containing the DBO of 
CAU (anTo ^tes-dues 1-93) from pSC424 (23) and the CAL4 
fcnv!.o^on H fragment (Hi-dlH-Smal) from P SCTCaU3S6(2S). The 
Cr,e^« '» from wSr. CSl. CS2. CO. and CSI/CO w„, fused .. 
the 3-->m«l site of P SCTCalX556 by blunt endmg the CR fragments 
resmcted w,th -Acel at amino aod pos.oon 500 using the mutagenesis 
cassette descnbed elsewhere (29). 

Cefl culture and transaction assays 

CV.l (American Type Culture Collection. Rockvule. MD) cells were 
erown tn Oulbecco"* modified Eaglet medium supplemented -flth , . 
fetal calf serum and peniollin/streptomycin. Cells were transfected by 
he cateum phospha« copreopitation procedure (22. and '■'««"««, 

with 10 »* reporter plasmid. 0.1-S »g transacnvator plaimjd. 3 
i r«T, ,^ "a&TS* a»o F,g. 2). 8-10 Mg seated salmon 
iLm DNA as carrier, a^d a mock expression plasmid. cytomegalovuus 
SZ^rSS^ acerylrranlferase (CMV-CAT).^ 
•tjv/eenBob to compensate for different amounts of CMV-beinng 

Pl *tvh^i indicated. 5 x 10*' m dexamethasone (Dex). I x 10- m 
•r ^Trl'I!^ 3 x 10- « promegestone (RS020). or 3 x 10"' m 

j?endv expressed RNA w« isolated 48 h after wising and sub,ected to 
s!"nuclea^Tna^ysis (22). Quancfieadon of the signals was performed 
bl Uh ^ dew tome«c scanning of different .film 

(S!e in Fik 2) and the reference signal (Ref m Fig. 2) pve istmc. 
SSSS'thuSav. The corrected tanscription is defined a, the :.eo 
lU^Wifrvnee se« Fig. 2 lesend). For.dariry. some standard samples 
sef 2] "« corTdere^ as 100%. and the reladve tr.nsc.pcon - .hen 
i^ed bv comparing individual coneaed transcription ~i.h these 
i,^dsUTef.om, 8 of panel, in F,g. 2 and n«n,hers at « Fig. 4) 
F« "e m imrnuAofluorescence expenmena fTable 1). 10 «g 
./fecYor olu Jd carrying the mutated rCR cDSA and an 5V40 onpn 
effector piasmio ""7™f < A l ^o, \ tfg of an expression vector 

•'^W^S 29 Cells were licubated for 24 h after 
SSSu'S V u,e OP0 5 : n pSpi«a!e. Hormone was added 2 h before 

Kina r^n2iinarans; h feWlS 

£J£S nuo X i^so* i oc y .n.,e,.abe,d goa 

andiibbit andbody (Calbtochem. U JoU*. CA). 



cttVA jyn</Kj£» and in u'itro translation 

For in o.tw transcribed and trans'lated recombinant cOSJ As. .he N 

*> nn w#rt subdoned into the plumid e5CTX79^ -netniea e 
Tl,«rr««oiW Wiin T7 RNA polymerase .nd = 
R?"a "anslated in a rabbit redculocyt. ^"V™ " '«ommende 
by the suppUer (Promega Blotec. Southampton. UK), 

Ligond-binding assays 

The fdter binding assay and the deumethasone-mesyla.e bindk 
4M JJ have de4ibed>«viously (17). Relevant d«aU« ... pv.„ 
i- t t>HlDe« "was from Amersham (Buckanghamshue. CK). I 
K«y .Km lJupTnt.N.w England 

unlabeled .nd l.beled RU486 (rm/epnstone) were gifa from Rous*.. 
Uclaf (Romainvule. France). 
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Fic. 2. Transectivation propertiee of GR mutants, A, MMTV-OVEC 
is the report* r (ane pUsmid containing the MMTV promoter/enhancer 
( reviewed in Ret. AO) linked to tht ribbit 5-globia reporter fragment 
(22). Transient transfection experiment* were done in CV-l ctlU by 
calcium phosphate co precipitation of typically 0.3-3 mC effector plu* . 
mt da. 10 nl reporter vector, 3 >*g reference pl**m:d (22), and carrier 
DNA to 25 *g. The expression of ^-globin-RNA *u analyzed by 
quantitative Si -nude am mapping (see Materials and Method* 22). 
The pantla show representative auto radiograms in Which both the teec 
signal (Si|) and the- reference signal (Ref) Art viaible. Relative tran- 
scription waa determined denaitometricaily (see Materiel* and Meth* 
ods) and is presented at the oottomj of radiograms; sundard samples 
are defined aa 100% and deviation ia less than 5%. D. 5 x 10" T M Dex; 
R. 5 x 10- 4 m RU486; P. 5 x 1<T* M progestin RS020: A, 5 x 10" ? M 
androgen RiSSl. 8. Transrepresaion properties of the CArboxy- terminal 
GR mutants in comparison with the GR(Ala) muuni. Names of effector 
plasmids are shown at the top: 0.3 mC pleamid expressing wtGB. 
Lanes 2 to 5 show tranaactivity of 3 xg tzpresaion vector encoding GR 
muunu aJons; lanes 6 to 9 demonstrate the ability to repress the action 
of 0.3 ug coexpressed vector encoding wtGR. The corrected transcrip- 
tion level fn lane I ia defined aa 100% Lane 1, Activity of 0.3 vg 
pSTCwtGR together with 3 wg inert effector plasmid CMV-CAT 



Result* 



Substitution of two hydrophobic residues by alanine 
in tht TAF2 of the receptor does not generate 
dominant- negative mutants 

By changing the translarional reading frame of the CAC 
repeat toward the ammo-terminal coding portion of the rCR 
cDNA, we have previously generated a mutant that is inca- 
pable of transacrivation but maintains competence for hor- 
mone binding, nuclear translocation, and specific DNA bind- 
ing (20; Lanz R. B ; . S. Wieland. M. Hug, and S. Rusconi. 
submitted). This functional variant (which is called CR[Ala|, 
since the CAC repeat is translated into an alanine srretch: 
see Fig. ID) displays negative dominance when rested for 
transcriptional activation in vivo (see Ref. 20 and below). 

A. recent report described amino acid substitutions at the 
C-terminus in mouse GR (M7.53 A/L759 A) which, in analogy 
to our CR[Ala] mutant, allegedly turned off the rransacriva- 
tion potential of the receptor while maintaining the other 
functions intact (21). We wanted to examine whether these 
mutants also behave as TDN CRs. To this purpose we 
constructed the equivalent CSs in the rCR (M770A/L771A 
- CSl and 1774A/1775A - CS2; see Fig. 1, constructs II and 
110. We have cotransfected effector plasmids encoding the 
mutant CRs along with a reporter vector in which the rabbit 
fl-globin gene is driven by the MMTV promoter (MTV. 
OVEC; Ref. 23; Fig. 2A).. The level of reporter messenger 
RNA was analyzed by quantitative Sl-nuclease protection, 
and representative results are shown in Fig. 2, 5-D. Small 
amounts (0.3 A*g) of effector plasmid bearing the wtGR 
stimulate the reporter gene in the presence of Dex (Fig. 23. 
lane I), whereas large amounts (3 ^g) of the CSl- or CS2- 
encoding plasmids are completely inactive, in agreement 
with previous findings (21; Fig. 2B, lanes 4 and 5). 

To test whether the GR carboxy-terrninal mutants CSl 
and CS2 can act as TDNs, we expressed a given amount of 
wtGR and challenged its action by coexpression of the mu- 
tants. As shown in Fig. 2B, neither CSl nor CS2 is able to 
compete with the wtGR for the GR*responsive MMTV long 
terminal repeat promoter (see Fig. 2B, lanes 8 and 9, for 

(mock); Unt 2, negative control pSTC GR(S482) with destroyed second 
zinc finger structure (29). GR(AJa) (lane 3) a* w«U as CSl end CS2 
(Una* 4 and 5) do not trtnMctivau, but only GR(AIa) U able to repress 
the action of coezpreeaed wtGR (lane 7). Hence, the CArboxy-terminel 
substitution mutant* CSl end CS2 are not TDN. C. Tranaectivatioa 
properties of the C- terminal GR mutants in the presence of agonist 
(Dex) and antagonist (RU466). Somes and bracketed numbers at top 
of panel indicate type and amount (in micrograms) of effector plasmid: 
other symbols and trans feet ion conditions ae described above; control 
3 «ig inert effector plajcnid CMV-CAT (lane 13. mock). The activity 
derived from 0.2S n€ (asterisks labeled value, lene I) and I *g (lane 2) 
pSTCwtGR in the presence of Dex are individually defined as 1005. 
The double mutant CSl/CD U not responding to the agonist (lane 10) 
but show* an increased response to the antagonist RU466 (lene 12) 
compared with the wtGR (Une 4). D, Transectivation properties of the 
CArboxy* terminal mutations in PR and AR. Somes ae top of panel, type 
of effector plajmid (1 mK throughout): other symbols and trinsfection 
conditions as deecribed above. Une 12, CT is GR-CT(A53+W): lane 
13. PR.CT (A32+2). The corrected transcription observed by cotrar.i- 
fection of I »g pSTCwtGR in the presence of Dex (lane 2 in C) is 
defined aa 100%. the CSl/CD mutation demonstrates the RU hyper- 
reaction only in the conuit of GR. 
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romoetition in 10-fold pUsmid excess), whereas under sim- 
toS£££ our GR(Ala] mutant acts as a strong repressor 
(£g 2B compare lanes 3 and 7). Hence, the °[ . 

GR deactivation in CSl and CS2 mutants must be different 
S^ES^dng in the GR(AJa) mutant. We reasoned 
hat CSl and CS2 mutants might have lost more tnaj |ust 
neir transactivarion properties, and we P««« ded " 
arnining their ability to bind hormone* and to react to antag- 
In the couAe of CSl and CS2 mutagenesis; some 
additional mutants arose, and they were tested in parallel. 

Mutations that increase responsiveness to the 
antagonist fit/486 

In parallel to the CSl and CS2 mutations, we Jocwrf our" 
interest on one spontaneous variation obtained dunng don- 
Eg This mutan? harbbrs. in addition to the hydrophobic 
Substitution, also a deletion of two ammo ^.^0 »nd 
Lvs 781 referred to as PK-box in this work) located seven 
residues C eSinaUy from an Invariant glutamic aad (posi- 
SS??S to ccTs J.Fg. lA),The double mutant CR that 
delude, both the Ala substations A770/A771 (CSl) and 
the CD 780-781 has been called CSl/CD (see Fig. it. 

"wlt^'as been'shown that hormone and -rihormone 
induce distinct conformational change, that are central to 
Ceroid receptor activation (18), we considered »*JJ^22 
to also test all the carboxy-tenrunal mutations in the presence 
of the CR antagonist RU486 (Fig. 2Q. In our assays, the 
aver«e of agonistic activity of RU486 on the wtGR is ap- 
oreSiate y lO^relative to full activation by Dex (Fig. 2C 
C J ,W observed that the mutant CSl retain, the 



ability to partially respond* RU486 (lane 9). More inure 
in«l7 we observed that the transaction by the CS /< 
mutant in the presence of RU486 is remarkably strong (la: 
U and 12). The double mutant shows an Rb486-indu< 
lansactivadon that reaches.about 50* of thato the _wt- 
=n the presence of Dex (Fig. 2C. compare lane 12 with 2 
U with 3). Consistent results were obtained by varyuig 
Ugand concentrations ranging from o n M - RU486 « 
Whanging the amount of effector plasoud m transfer 
assays K not shown). We could exclude that the enhan 
response to RU486 is due to spurious mutaaons an 
original construct by replanting a smaU enorel, ^sequer 
segment containing the mutated reg:on in the ongmal 

CD st A cr~; CSl ma^tains partial .ansactivatic 
the presence of RU486 (F,g. 2C. compare lane 4 wi h 9) 
wanted to test whether the increased response of the C 
CD mutant is solely due to the deletion of the PK^ox . H. 
we separated the mutations (s« Ftg. 1C construct tv. 
Tnd Led them again in the presence of dif erent Ug« 
Transient transection of various amounts o plasmud- 
S. wtC R or CD in CM celb results in compa 
• SuTatiJn of the CR-responsive MMTV long |ernun« 
oeat promoter in the presence of Dex (Fig. 2C compare 
l and 2™ h 5 and 6). When the PK-box deletion m 
CD) was assayed for the respond to RU486. it cusp 
S ?ori£ al partal agonistic effect of wtGR (compare 
with 7) This demonstrates that the deleaon of the P 
not alter the transaction propert.es of the rec 
B Tu Rathen we have to conclude that the increased F 
^nse in the CSl/CD double mutant is the result 
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FiC. 3. Ligsnd-binding properties of OR derivatives »ynthesixed in 
vitro. A and B. Dei and RIUS6 equilibrium labeling In vitro translation 
reactiona were carried out in the presence of various concentrations of 
(*H|Dex (A) and ('H1RU486 (B). rtjpectively. and receptor binding 
waj asiayed by fiiur binding (17). The GR derivative! art truncated 
versions lackingMhe N-urminal pans Ue* Fig. ID), indicated by x. Y* 
* axil. Saturable 'H-labeled counu per min per filter (ie« Materials and 
Method*): X-axis, concentrationt of 'H-labeled hormone. Open squares. 



combined action of the mutation CSl (substirurion of rv 0 
hydrophobic amino acids, positions 770 and 771 in rCR by 
alanines), together wuh the deletion CD (eliminadon of :h e 
PK-box). Table I summarizes further properties of the CD 
mutant, which will be discussed later. A combination of th e 
mutants CS2 and CD was not constructed. 

The effects of the CSlfCD double mutation are CR specific 

A number of functions described for receptors of the CR/ 
PR/AR/MR subclass have been shown to be shared by the 
other members. To verify whether the increased RL'486 
responsiveness can be transferred to another receptor. w e 
constructed the point mutations corresponding to CSl /CD 
in the human PR (hPR; 31) .and hAR (32) (see Fig. 13. 
PR.CS1/CD and AR.CS1/CD. constructs XI and XVI). These 
variants were tested for transactivation in the presence of 
agonist and antagonist. In our assay, the wild type hPR 
demonstrated the expected activation in the presence of the 
progestin agonist R5020 (Fig. 2D, lane 3) and null response 
toward RU486 (lane'l). We observed that PR was responding 
significantly to Dex (lane 2), an observation that is consistent 
with the partial in uifro'PR activation observed by others 
(33). Contrary to our expectation, the PR.CSl/CD mutant 
was responding differently than the CR-CS1/CD, since it 
did not show an enhanced response to the antagonist RU486 
(Fig. 2D, lane 4). This double mutant cannot transactivate 
when induced with the synthetic glucocorticoid Dex or with 
the synthetic progestin RS020 (Fig. 2D, lanes 5 and 6). 
Similarly, the corresponding mutations in the hAR demon- 
strated a lack of transactivation in response to RU486, Dex, 
and the synthetic androgen R1881 (Fig. 2D, lanes 9-11). 
Hence, the exhibition of the altered hormone responsiveness 
by the GR cannot be simply transferred to hPR or hAR by 
generating corresponding mutations. We conclude that al- 
though the mutations affect very conserved amino acids, the 
functional significance of the residues must be different for 
each receptor. 

Unlike PR. carboxyl-end truncated CR mutants are not 
activated by RU486 

After observing that an effect generated in the CR cannot 
be transferred to PR or AR, we tried to verify whether a 

neg, negative control GRx556;/uW squares, rwt; open tnaneUs. xCSl: 
filled triangles. xCS2: open circles. xCD; fUUd circUs. xCT: filled dia- 
mond*. iCSl/CD. The labeling rtactiona reveal that the substitution 
muunu xCSl, xCSZ, arid xCSi/CD bavt practically lost Det-binding 
property (A) but retain the ability to bind tha antihormone RU*66 (B). 
- C. fHlDex mesylau affinity labeling. Unlabeled in vitro translation 
reaction producta were incubated with 0.2 mm ('HlDex mesylate in the 
presence or-in absence of 10 *M unlabeled competitor. Receptor deriv- 
ativea wtre immunopreeipiuted, tlectrophoresed. and analysed by ra- 
diography. Specific aignals wtre evaluated deneito metrically (see Ma- 
terials and Methods). The fraph represents the relative amounts of 
MHlDex meaylau-lebeled receptor. The signal calculated from xwt is 
defined aa 100%. Y-axis. Relative l*H]Dex mesylate labeling; X-tcsu- 
gory) axis, receptor muunu. Open ban, no competitor in the binding 
resction; stippUd bars, 10 mM unlabeled Dex aa competitor. fUUd bars. 
10 mM unlabeled RLUS6 aa competitor. The affinity labeling ibow» that 
the carboxyurminal muunu nill can bind Det meaylau. The labeling 
of the CSl. CS2. or CSl/CD muunu cannot be competed by Dex. 
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M fmind in j.pR mutant can be transferred to CR. An 
property -found in a 4 . sonisde/an „ g oniiocUg.nds 

aversion of ,ne r "P bed for * seated PR mutant called 

UP uSiln SS?*« C-«enninal 54 amino acids (see 
UP-1 1") tn«i*rru» 5 . ^ lhjs mutam can bind 
Fig. IC. construct Xll >" ^ 

still b.nd RL486 'M*™*^ authort interpreted these 

data by «'8 U »"5 , n hibitory function that silences 

reCeP !° o r r Snsacnvadon cnSy in the absence of the agonist 
an^noTcEp Sci in <he P«sence of the -tagorust^They 
afso Suggested that the inhibitory effect of the C-tenrunal 
tail on 8 ?h« transcriptional potential of an »S™«*™£ 
' receptor might be a general phenomenon for s ero.d recep- 
orl £ o« hands, the equivalent truncation of the very O 
tors, in our nan <, a mu{an , Tecep tor 

• 7 'Xr the numbe" describe the sizes of the deletions 
Llowed by the amounts of additional unrelated residues 
F°^C constructs Vl-lX). We also used the truncated m ut ant 
si 7fi6 whose properties have already been published (17). 
' if hesf Snc P a e5 GR mutants were completely silent in 
J, aSvaTon in the presence of both the agonat Dex and 
The antagonist RU486: In Fig. 2D. ^« *J^JS 
of transaction of one representative of the CR CT. namely 
" A53 + 14. which is the closest analog of the reported PR 
mutant in terms of position of the truncarion as we 1 as 
£n£hs of the unrelated amino acid res.dues (Fig. 1C com- 
pare constructs yil and XII). . weC0 n- 
Bv using given restriction sites in the PR cDNA. we con 
structed twcTcT PR derivatives (Fig.. IC contracts XUl and 
and tested them for transactivation. Neither demon- 
strated any activation in the presence of either the agonut 
R5020 or the antagonist RU486 (Fig. 2D. lane 13 for the 
Response to RU486). We did not reconstruct the published 
Zll mutant. The different transaction "uld be *e 
effect of the additional unrelated anunc or th. AH rent 
position of truncation between the pubUshed PR m wtant ana 
Sur CR CTs and PR derivatives. A tmnca ed AR jnutant 
AR CT (Fig. 1. construct XVII). missing only a few arruno 
addsat\hf C-terminus. cannot transactivate in the presence 
of R1881. Dex. or RU486 (se« Table 1). 

Altered vfinity for the ligand in thu C-ttrmincl CR mutants 



To analyze the Ugand-binding ability of the « £ 
performed* equilibrium labeling experiments with « » » 
Sd receptor derivatives. It ha, been shown that <he 
N.^ally truncated receptor x795 i, mdistmguishable in 
Us hoTone^binding capacity from the .intact 
(17). Furthermore, in v«ro translation of x795 instructs pves 
higher yields than full-length constructs (our ™V^** 
reLl«) Hence, for the in vUro expenmen *-™ ™ d ™ ^ 
cated versions lacking the N-temunal domau, (see wt « 
t :.- in , th . corresponding carboxy-tenrunal mutants are 
5?S1. ?CS2 xCS^CS and^CH. Tri recombinant p.asmid, 



carrying the DNA- and the hormone-binding portions of -.he 
receptot-coding region were, transcnbed and translated <n 
' .. ( tro-(see Ref. 1 7 and Mattnals and Mtthods). The CR proteins 
■were synthesized in the presence of vanous concentrations 
of I'HIDex or I , H1RU486. and the ligand binding was rr.eas- 
u d using aJUte'r binding assay (17). Figure 3A shows : he 
equilibrium labeling of some CR mutants in the presence of 
I'HUDex varying from 1 nx to approximately 0.1 „m. T>.e 
„Ts eprSthe amount of saturable h>gh affimty s.tev 
InTccordance with the rransacrivanon expenments the *CD 
,?„, IR. 3A circf«) was similar to xwt (Fig. 3A. ;Mti 
m .W?r labeUni I'HlDex. whereas xCSl/CD (Fig- 3 A. 
Z"d l™ ^ied close to the background (compare 
with the negative control x556. Fig. 3A open ,,»,„,». 
CcTtrarv to thi results reported by others (21). in thus ap- 
Jither xCSl nor the *CS2 CR mutanons isplay 
P LZ (WdTx binding. Thus, although the apparent 

is not severely altered, the xCSl/CD or the xCSl and xCs. 
mutant haveVirtually lost their Dex-binding P™ ^'»- 
oeous equilibrium-labeling expenments were done using I HI 
RU486 Both the Ala-substituted xCSl (Fig. 3B. ,p« . 

and xCS2 mutants and the double mutant xCSl/CC 
5 ' 38 filled diamonds) demonstrated labeling with [ H 
RU486 even stronger than xwt (Fig- 3B). The anohormor, 

and l J H RU486 demonstrate that the analyzed CR ?oir 
mutations do not dramatically alter the binding of the ant 
' E?™on?R0486. However. Dex binding is sigruncantly :c 
SSdta ^the substitution mutants, bdicating that the nyd:. 
pnobtc residues Met/Leu preceding ^ conserved C!u7. 
P Fiz 1A) are important for retention of Dex but not RL486 
1 We alU examined the binding of the mutated receptors 
I'HPex^esylate. This electrophilic affinity-labeUng d«nv 
tivi of D« associates covalendy with cysteine res.dues (3- 
ri Sdon reaction products were incubated * t 
presence o?0.2 mm I'Hpex mesylate. A pomor, i of ea 
fabeuna ^reaction also contained excess (10 mm) unlabeled X 
labeling reacu ^ vel whjch compete only for . 

0f ( w! affinity: rites of the receptor. After bindr 
melaWed P«tein^were immunoprecipitated. fractiona 
o?^umd P c3ecylsulfate-p<lya^ 
• Y \Za .n.lvzed bv radiography. The signals have 6- 

8 1 n ( >h* carboxvl-end truncated mutants xCT (x/ 66 
ST .1 41 'fS?Sp.* mesylate were determined jol be 
ion relative to the binding of xwt (not shown). 
S W ?2bri U not significandy ^ compete^ by . jUrg to 
of cold Dex in the reactions including "CSl/CD «C5i. 
!cS2 (Fig 3C. stippled ban) but is competed in reac 
chaining xCD or xwt. This indicates that mu.anon o 
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paired hydrophobic amino acids (Met-Leu and Ile-lle, re- 
spectively) strongly influences Dex binding without affecting 
the capacity to bind Dex mesylate. In the presence of RL'486 
as competitor, all the tested samples lost the labeling by ( J H| 
Dex mesylate (Fig. 3C fUUd bars).. The affinity-labeling ex- 
periment clearly demonstrated that the carboxy-terrrunal CR 
mutants can snll strongly bind ( J H|Dex mesylate, but that 
competition by Dex is altered. Therefore, if we assume that 
Dex mesylate. Dex. and RU486 have similar on rates, we 
have to conclude that the off rate of the agonist Dex (but not 
of the antagonist RU486) is probably significantly affected 
in these mutants. 

Other domains of the mutated receptor may participate in the 
altered hormone response of the CSl/CD mutant 

We could show that transplantation of the CSl/CD mu- 
tations in PR and AR does not result in an increased response 
to RU486 (Fig. 2D and Fig. 4. Lines 11 and 16) and argue that 
the mutations per $e are not sufficient for the abnormal 
behavior in CR. We constructed further chimeric proteins by 
progressive replacement of the CR-C51/CD mutant with 
analogous parts of either PR or AR (Fig. 4). In : the fusion to* 
PR, only proteins containing the very C-terminal portion of 
GR : CS1/CD maintained elevated responses toRU486 (Fig. 
4, compare lines 5 and 6 and 7 and 8), whereas chimeras 
with C-terminal PR mutated portions maintained the pure, 
antagonistic response to RU486 (Fig. 4, lines 11-14). Inter- 
estingly, the fusion proteins with mutated PR carboxyl-ends 
(PR.CS1/CD) cannot transactivate in the presence of the 
R5020 (Fig. 4, lines 11. 13. 14. and 18). None of the fusion 
proteins to AR exhibits increased responsiveness to RU486, 
even if the very C-termihal tail is derived from CR-CS1/CD 
(Fig. 4, lines 15-20). An exception is the chimera PR/AR?i 
CSl/CD, in which the C-terminal tail of PR is replaced by 
the mutated counterpart of AR. This construct also showed 
an increased response to RU486 (Fig. 4, line 9). We conclude 
that the very C-terminal tail of the mutated CR is not 
sufficient for the abnormal response to RU486. All the fusion 
proteins containing the CSl/CD mutations failed to be acti- 
vated by Dex. 

Fpr CR, the weak agonistic activity of RU486 is supposed 
to be due to the hormone-independent TAF-1 (16). V/e 
deleted this domain in wtCR and noticed that the amino 
terminal truncated derivative xwt has a partial response to 
RU486 of "about \.5% relative to full-length receptor after 
Dex induction (Ftg. 4, line 24). The corresponding truncation 
in the CSl/CD mutant does not respond as strongly as. the 
full-length version to RU486 (line 25), although this version 
also shows a clearly elevated response to the antagonist. This 
mutant is srill unable to respond to the agonist. We suspected 
therefore that other domains of the receptor might be in- 
volved in the altered antagonist response by the CSl/CD 
mutant. To measure the autonomy of the HBD in the in- 
creased activity to RU486, we constructed fusion proteins 
with the yeast transcription factor CAL4 (see Fig. 4, con- 
structs 26-30) and tested them for transactivation on report- 
* ers bearing CAL4-binding sites. Transcription from the re- 
porter was rather low in these transfection experiments. 



Mobility shift assays with nuclear extracts and in situ tm. 
munofluorescence analysis revealed a hindered nuclear 
translocation of the CAU-fusion proteins (Table. I). Nev er . 
theless, the CAL4 fusion containing the wtCR responds w»j| 
to Dex induction, whereas the pamal agonist effect of RU486 
is almost insignificant (Fig. 4. line 27). The chimera contain- 
ing the HBD of CSl/CD does not show an inaeased response 
to RU486 (line 28). The CAL4-fusion constructs with the 
separated mutations (CD. CSl. and CS2. respectively) dem- 
onstrate parallel transacovarion to the one observed in the 
CR context (Fig. 4. compare lines 29 and 30 with 3 and 2). 
Since the chimeric CAL4 constructs do not contain the CR 
line finger and (au-2 region, we conclude that the activnry of 
either one of these could be involved in the increased re- 
. sponsiveness of the CSl/CD mutant to RL'486. 

Discussion 

We have shown elsewhere that alternative translation of 
the naturally occurring CAC repeat into a polyalanine stretch 
completely silences* transactivation of the rGR without af- 
fecting the other receptor functions (20; Lanz, R. 3.. S Wie- 
land, M. Hug, and S. Rusconi, submitted). This CR[AJa] can 
act as a transrepresspr over wtGR and other related receptors 
such as PR and AR. Others reported point mutations in a 
conserved region in the HBD of CR and estrogen receptor 

. (ER) that- significantly reduced ligand-dependent rransacti- - 
vation but had no effect on steroid or DNA binding (21). 

The original aim of this work was to establish whether 
these mutants would act as TD Ms similar to CR(AJa], -We 

"therefore constructed analogous mutations in rGR and ana- 
lyzed receptor functions. Our results can be summarized as 

- follows: 1) replacement of either pairof hydrophobic residues 
flanking the conserved glutamic acid by alanines strongly 
reduced hormone binding, in contradiction with the original 
claims (21); consequently, these mutants are not TDN; 2) a 
mutant bearing both the substitution and a fortuitous dele- 
tion of the PK-box was able to strongly activate transcription 

. in the presence of the antagonist RU486 but was silent on 
Dex induction; 3) the PK box deletion per se does not alter 
the transactivation properties of the GR; 4) corresponding 
mutations in PR and AR did not show the inaeased response 
.to RU486 as exerted, by the GR mutant; 5) unlike reports on 
PR, carboxyhend truncated GR mutants are not activated by 
RU486; and 6) GAL4-fusion. proteins lost the enhanced 
RU486 response. Our results strongly indicate the importance 
of the conserved region in the carboxyl-end of the receptor 
in Ugand discrimination and in distinction of agonistic from 
antagonistic modulation and suggest that this region works 
in concert with other receptor domains. 

The HBD of nuclear receptors encompasses several distinct 
receptor functions, which cannot be attributed to specific 
regions of these receptors (for review see Ref.. 4). Ligand 
binding appears to involve finely scattered elements of the 
large domain, since most of the mutations identified in the 
HBD compromise the ability of the mutated receptor to bind 
hormones (see reviews, Refs. 1, 4, 5). Similarly, large sections 
of this domain are required to provide the interacting sites 
for receptor-associated proteins, which silence receptor acnv- 
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itv in the absence of the ligand (see reviews. Refs. 4. 5). 
Furthermore, the H8D contains at least one transacrivation 
function (7) and a nuclear localization signal (12) that are 
activated on hormone binding.. A very conserved region 
toward the C-terminus was suggested :o be necessary for 
receptor dimenzation (Fig. 5). Our results provide" evidence 
that the C-terminal part of the. CR is a multifunctional 
subdomain involved in at least ligand discnminarion. tran- 
scription acrivation. and protein-protein interaction. In this 
region the amino acid sequence flanking a conserved glu- 
tamic acid (E773 in rCR) has the potential to from a nega- 
tively charged amphipathic a-helix (35; see schemes in Fig. 
5. A and B). Replacement of either pair of hydrophobic 
residues by alanines (CSI and CS2) abolished "transcriptional 
acrivation in the presence of Dex. We could show that this 
failure is due to severely reduced affinity for the agonist (Fig. 
3) and conclude that this region is involved in ligand bind- 
ing. 

. • The proline and lysine residues (PK-box) next to that 
putative helical structure are conserved only in the subclass 
of CR/PR/AR/MR. Although located within this multifunc- 
tional region (see below), none of the activities described for 
the HBD seemed to be affected, by deletion of the two 
residues (Fig. 2C, CD). However, when the CD mutation is 
combined with CSI substitution, the agonist/antagonist re- 
sponse is partially inverted. With direct ligand binding we. 
could show that the mutants containing the AJa substitutions 
(CSI, CS2, and CS1/CD) lost or severely reduced the ability 
to bind Dex but not RU486 (Fig. 3). We conclude that for 
rCR_:he hydrophobic "residues in the putative a-helix are 
involved in both Dex binding and in transcription activation. 
The semiconserved PK-box, however, appears to be involved 
directiy neither in ligand binding nor in rransactivatian in a 
direct manner. * 

The importance of the amphipathic a-helix has been Re- 
ported for other nuclear receptors. Point mutations in this 
conserved region revealed that the C-terminus of the thyroid 
hormone receptor type a (c-ErfrAa) and the retinoic acid 
receptor-a are indispensable for transacrivation, interference 
with AP-l activity, and Ugand-dependent induction of eryth- 
roid differentiation (36), in contrast to equivalent mutations 
in ER. <which retain substantial transact! vation ability (21). 
Furthermore, the mutated c-ErbAa acted in a dominant- 
negative manner, hence differendy than the CS mutations 
reported in this work; Analogous mutations in the ER were 
reported by another group to generate dominant-negative 
receptors that retain agonist binding (37). We conclude that 
the amino acid residues in the vicinity of the conserved 
glutamic acid near the C-terminal end are crucial for both 
transacrivation and for ligand binding, depending on the 
receptor. To our knowledge; the ER, retinoic acid receptor, 
or thyroid hormone receptor mutants have not been system- 
atically tested in the presence of antihormones, and we 
predict that some of them may also partly invert the response 
toward known antagonists. 

We observed a certain receptor specificity when we tried 
to rransfer carboxy- terminal mutations to other members of 
the CR/PR/AR/MR subclass. Generation of the double mu- 



NUCLEAR RECEPTORS 

tant in PR (PR.CSl/CD) and AR (AR.CSl/CD) did not sh 0w 
the expected mnsactivanon in the presence of RL'-i36 (Fig. 
2D). Furthermore*, we observed that carboxyl-end truncations 
of CR do not produce the inversion of agonist/antagonist as 
reported for a PR denvanve (UP- 1; 19). The heterogeneity 
of sequence and length of the unrelated amino acids in our 
truncations (CTs) are expected to play minor roles in these 
results. We also tested these constructs on artificial promoters 
containing symmetric glucocorticoid and progesterone re- 
sponse elements (29) in the presence or absence of additional 
binding sites for unrelated transcription factors (Tallone, T.. 
and S. Rusconi, unpublished data) and found that the re- 
sponse was the same as in the MMTV promoter (dara not 
shown). This indicates that the hyperreactivity of the CSI/ 
CD mutant to RU486 is promoter independent. The lack of 
transacrivation of our PR truncations that terminate receptor 
sequence within or downstream of the conserved region (PR 
CT), allows us to narrow down the putative inhibitory func- 
* tion (19) to the region comprised b-rween residues 379-901 
in hPR. We conclude that functions exerted by the putative 
c-terminal a-helix are partly receptor specific; although this 
region is highly conserved in the nuclear receptor superfam- 
ilv. Only systematic swap srudies of this region will unveil 
- the role of individual residues. 

Functional differences between CR and .PR/AR may in- 
volve residues elsewhere in the receptor. RU436 was shown 
to promote DNA binding of the receptors in vivo (16), a 
function that may permit at least the default action of the 
hormone-independent TAf-l. One could expect that both 
CR and PR should display the partial response to RU486. 
However, in our system we observe this only in the case of 
the full-length CR and not in the chimeras that retain the 
CR TAF-1. This shows that the TAF-1 default hypothesis 
does not apply to the chimeras. It will certainly be interesting 
to measure the activity of the chimeras in different cell types. 
Finally, fusion proteins with the yeast CAU DBD abolished 
the increased responsiveness of the CSl/CD mutant :o the 
antagonist, suggesting that other CR domains may be in- 
volved in the increased response to RU486 by the CSl/CD 
mutant 

For several nuclear receptors, including CR and PR, it was 
shown that a protease-reslstant structure that correlates with 
receptor activation is induced by ligand binding (13). This 
strongly suggests that the carboxyl-tail of the receptor has 
discrete conformations when bound with either agonists or 
antagonists. Our results are in accordance with these find- 
ings. We further suggest that the conserved region flanking 
the invariable glutamic add is directly involved in the con- 
formational change. This structural alteration is dependent 
on ligand binding and may include the putative a-helix as 
well as the subsequent receptor tail (see Fig. 5C i). w <? 
consider it likely that the proline residue (P730 in. rCR) is 
important "for the orientation of the carboxyl-tail. which 
discriminates transacrivation activity depending on the char- 
acter of bound ligand (compare right and middle drawings 
in Fig. 5C, i). We propose .that this helical structure may 
provide a part of the binding pocket for the ligand and may 
participate in the conformational change necessary for rran- 
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sonprion acnvanon and provide a mecharusnc interpretation 
of the effects of mutations (see Fig. 5C ii-iv) and correspond- 
ing legend). In our model we suggest that rransacrivnrion of 
CS1/CD Ln the presence of the antagonist RU4S6 requires 
the interaction of the conserved Cternunal region with the 
central DBD/Uu-2 secrion of the receptor. Since the trans- 
activation activity of fflu-2 was.descnbed for CR (10) but not 
for PR and AR. one can explain the CR-resrricted effects of 
the CS1/CD mutant observed in our experiments. The avail- 
able data do not allow us to predict whether the interaction 
is an intramolecular contact or is mediated by cofactors. 

Taken together, we present evidence that sequence con- 
servation does not necessarily imply functional conservation 
in :h e C R/P R/ AR/MR subfamily. On .the basis of our results, 
we believe that the conserved carboxy.-terminal part of CR 
is a multifunctional region involved in ligand discrimination 
and determination of agonistic and antagonistic rransacriva- 
tion. and we propose for thi* subdomain the name LIT * r . 

Acknowledgments 

We thank Dr. M.-J. Tsai and Or. A. O. Brinkmann (Erasmus L'niver- 
sir/,. Rotterdam. The Netherlands) for the pfasrnjds phPR-rf and 
pSV.ARO. respectively, and we are grateful to our colleieues Or O 
Ceorgiev and Or. K. Seipel for the vectors C5-OVEC and pSCTEV, and* 
Roussel-Uclaf for free supply of labeled and unlabeled RU486. We thank 
Dr. W. Schaffner for generous support. Dr. C. Hovens and M. JCoedood 
for crmcal reading of the manuscript, and C. Torres for technical 
issistance. 

References 

1 344*° M 1989 C ' nC resulation by 5teroi< * hormones. Cell 56:335- 

2. Evans RM 1988 The steroid and thyroid hormone receptor super- 
family. Sdence 240:889-895 , 

3. Creen S, Chambon P 1988 Nuclear receptors enhance our under- 
stands; of transcription regulation. Trends Cenet 4:309-314 * 

4. CMalley BW 1990 The steroid receptor superfarruiy; more eidte- 
ment predicted for the future. Mol Endocrinol 4:363-369 ; 

5. Cronemeyer H 1992 Control of transcription activation by steroid 
hormone receptors. FASEB J 6:2524-2529 

6. Ciguere V, Hollenberg SM, Rosenield MC, Evans RM 1986 
Functional domains of the human glucocorticoid receptor. Cell 
46:645—652 

7. Webster NIC, Creen S, Jin JR. Chambon P 1988 The hormone 
binding ^domain of estrogen and glucocorticoid receptors contain an 
mduoble transcription activation function. Cell 54:199-207 

1 I^"^ hitt J' BrettCT ^^ 

r 1989 The human estrogen receptor haj two independent nonaodic 
transcriptional activation functions. Cell 59:477-487 

9. Codowskl PJ, Plcard D, YaauiotoKft- 1988 Signal transduction 
and transcriptional regulation by glucocorticoid receptor-UxA fu- 
sion proteins. Science 241:512-816 
10. Hollenberg SM, Evans RM 1988 Multiple and cooperative trans- 

tV**?* 0 * dorTuina -°f *« human glucocorticoid receptor. Cell 
55:399-906 

U. Brink M, Humbe! BM DeKIoet RE. Van One! R 1992 The 
unbonded glucocorticoid receptor is localized in the nucleus, not 
in the cytoplasm. Endocrinology 130:3575-3531 

12. Plcard D, Yimamoto KR 1987 Two signals mediate hormone- 
dependent nuclear localization of the glucocorticoid receptor EM 80 
I 6:3333-3340 

13. Raynaud J-P. OJaaoo T 1986 Tne design and use of sex-steroid 
antagonists. / Steroid Biochem 25:811-833 

U ' ffmil U ' EE 1989 ContrJ 8«oon *nd other clirucal applications of 
KU4S6 an *noprog«ieroneat the receptor Science 245:1351-1357 
15. Buiso N, Collart M. Vaswlli JD, Belln O 1987 Antagonist effect 



of RLM86 on trsnscnpoon of ilucocoracotd-rf ^i/,^ 
Cell Res 173.425-430 .' ^ ' ed 5 en < 

16 Meyer M-E. Pomon A. Jt J, Bocquel M-T, Chambon p r 
meyer H 1990 Agonisoc jnd jntjgonuoc Jcavices of 
39^ OAS °' th * huma " ? ro S«'«one receptor £MBO | 9 39 

.17. Rusconi S, Yamamoto KR 1997 Functional dissecaon of the l 

"MBoT6 d .?0 N 9-.5rS^ 8 ^CnV,n€, °' < -ce ? 

13. Allan CF. Lcng X # Tsai SY. Weigel VL. Edwards DP Tsaj Vfr 
Malley BW 1992 Hormone and anahorrnone-mduce 'distinct c 
formaoonal changes which are central to steroid receptor jcavi* 
. I Biol Chem 267 1 95 13- 195 20 ? 0 

19 Vegeta E» Allan CF. Schrader WT. Tut M-J. McDonnell r 
CTMaliey BW 1992 The mechanism of RL'436 jntagonum u 
pendent on the conformation of the carbo*y. terminal tad ot * \ 
human progesterone receptor Cell 69-763-7 13 

20. Lara RB.Hug M Cola MI Tallone T, Wieland S. Rusconi S 19 

« l J« ctivf ind ™ COv « receptor mutants. Stero: 

St. 1 48— 152 

21. Danielian PS, White R. Lees JA. Parker MC 1992 Idenafiean 
of a conserved repon required for hormone dependent -a 
oonal activation by steroid hormone receptor*. EM30 J i I 



nscr. 
102 



22. Wesrin C. Center T. Muller MM. Schaffner C. Schaffner W 19 

, C ..V enatiJe SySttm 10 Stud ^ fr»wcnpQon in mammalian ce 
and cell-fret extracts. Nucleic Acds Res 15:6737-6793 

23. Wieland S, Call! t Schatt M. Severne Y, Rusconi S 1990 Cene 
and biochemical analysis of a $:eroid receptor. In: Sekens CE AJe* 
M (eds) Activation of Hormone and Crowth Facor Rece«tc 
JCuwer Academic Publishers. Dordrecht, do 215-225 r 

24. Seipel K. Ceorpev O. Schafrner W 1992 Different activact 
domains stimulate transcription from remote ('enhancer*) and pro 

— imal ('promoter') positions. EM30 J 11:4961-4963 
(25J Rusconi S, Severne Y, Ceorspev O. Caili I. Wieland S 1990 
39 yiVSV**' 0 " 4i " y t0 5fUdy rar>JC7: ? ;:onai iccvarcrs. Cer 

26. Mlesfeld K Jlusconi S, Codowjki ?l MaJer BA, Okxet S Wik: 
trom AC Custiisson JA, Yimamoto KR 19S6 Ceneac ccmple-e* 
tation of a glucocorticoid receptor deficencv bv exprwsion of cW 
receptor cD.VA.CeU 46:389-399 ' ' ^ 

27. BrinJtmannAO,FaberPW # van RilC. Kuiper CC. Ris C Klaasse 
P, van dXjA. Voorhorst MM. van LJH. Mulder E 1959 The huma 
androgen receptor domain structure. »;enomic organiiarion an 
regulation of expression. J Steroid Biochem 34:307-310 

28. SadowsklLPtajhneM 1989 A vector for expressing CAL4(l-l47 
fusions in mammaUan cells. Nucleic Acids Res 17:7539 

29. Severne Y, Wieland S, Schaffner W, Rusconi S 1988 Metal bindin 
'finger* structures in the gJucocoracoid receptor defined by site 
directed mutagenesis. EM BO J 7:2503-2508 

30. EUen LP, ReicKmaa ME. Thompson EB, Cajnetchu B, Karri so r 
RW # EUen HJ 1985 Monoclonal anobody to the rat glucocorticoic 
receptor. Relationship between the invmunoreactive and DNA-bind 
ing domain. J Biol Chem 260: 1 1 605- 11810 

31. MUrahl Mr Atger M» <TAuriol U Loo*felt H. Meriel C FridJansk) 
F,.Cuio<hott MA, Caiibert F, Milgrom E 1987 Complete amine 
acid sequence of the human progesterone receptor deduced frorr 
doned cDNA. Biochem Biophys Res Commun 143:740-748 

32. Chang CS/Kokontia I U10 ST 1988 Structural analviis of comple 
menury DNA and amino acid sequences of human and rat jndroger 
receptors. Proc Natl Acad Sci USA 55:721 1-7215 - - 

33. Eliiiton JF, Beekmzn JM. Tsai SY. C Mailey BW. Tui MJ 199: 
Hormone activation of baculovvus expressed progesterone recep- 
tors. 1 Biol Chem 267:5193-5 198 

34. EUen HJ, Schleenbaker RE, Simon* SSJ 1981 A/finjrv labeLng 01 
the rat liver glucocorticoid receptor wnth dexamethasone 2 1 -mesyl- 
ate. Identification of covalently labeled receptor bv ummuncchcrrucal 
methods. J Biol Chem 256: 12920-12925 

35. Zenitt M, Munox A, Sap ] t Veruutrom B f Beug H I9«0 v «rbA 
oncogene activation enuds the loss of hormone-dependent regulator 
amviry of c-erbA. Cell 61:1035-1049 

36. Saatdoglu F, Baitunek P, Deng T. Zcnke M. Kann M 199) a 



» ■ • i' 



T HANS ACTIVATION BY NUCLEAR RECEPWS 



2135 



MoIC.U Biol l* 36 ";^ CK> Shlplr0 OJ. K*lx.n.U.nbos«n 
J9 . HoU.nb.rg SK ^ « « C ; O.. » gr ^ ^ ^ 



-DMA N*tu/e 318:635-641 

U - ISSSK. 1 - .«•* binding ■» 
,he moiuje «<rog.n, ««g™ « ^.rton, im0 n ? . .ubfumly of 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 



